A 67-year-old man was evaluated for haematuria, with a rising creatinine level from 88 to 906 µmol/L and positive c-anti-neutrophil cytoplasm antibody (ANCA)/anti-proteinase 3 (anti-PR3). A kidney biopsy revealed necrotizing glomerulonephritis with a 'full-house' pattern on immunofluorescence microscopy. Echocardiography and blood cultures growing Gemella sanguinis diagnosed endocarditis. Dialysis was required for a month. Three months later, following valve replacement, glucocorticoids and 2 months of antibiotic therapy, the creatinine level decreased to 62 µmol/L and c-ANCA/anti-PR3 disappeared. This first case of c-ANCA/anti-PR3 positive glomerulonephritis with a 'full-house' immunofluorescence pattern due to bacterial endocarditis underlines the importance of ruling out infection with ANCA positivity or kidney biopsy suggestive of lupus nephritis.
Background
Glomerulonephritis is a common cause of acute kidney injury in patients with endocarditis [1] and renal failure is a strong predictor of mortality in these patients [2] . Cytoplasmic type anti-neutrophil cytoplasm antibody (c-ANCA) with anti-proteinase 3 (anti-PR3) specificity are usually associated with small-vessel vasculitis and pauci-immune glomerulonephritis [3] , but cases of c-ANCA-positivity have also been described with bacterial endocarditis with frequently associated glomerulonephritis [4, 5] . Several bacterial species have been reported in cases of endocarditis associated with positive c-ANCA [6] , including Gemella morbillorum [7] . Gemella sanguinis is a rare cause of endocarditis that has only been previously reported in three cases [8] [9] [10] . We report the first case of G. sanguinis endocarditis with c-ANCA/anti-PR3 positivity and its association with a focal necrotizing glomerulonephritis with full-house immune complex deposition (IgA, IgG, IgM, C3 and C1q positive).
Case report
A 67-year-old man was referred for a rising creatinine level from 88 to 906 µmol/L (1.0-10.3 mg/dL) over a 4-month period. He had a history of upper and lower back pain of 4 months duration and was treated by pregabaline, oxycodone and naproxen. He had a weight loss of 13 kg and complained of nycturia, gross haematuria, fatigue, nausea and occasional vomiting. Physical examination revealed normal vital signs and temperature. The patient appeared euvolemic, presented asterixis without focal neurological deficit, poor dental hygiene with multiple cavities and severe parodontis, an apical holosystolic murmur radiating to the axillary region and an enlarged spleen.
On admission, his serum creatinine level was 906 µmol/ L (10.3 mg/dL) and urea nitrogen 33 mmol/L (92 mg/dL). His urine sediment showed 0.3-0.8 g/L proteins with more than 100 erythrocytes/high power field. C-ANCA using an immunofluorescence technique was positive at a titre of 1/ 80. Anti-PR3 were positive at 85 U/mL (<20 U/mL) and anti-myeloperoxidase were negative using enzyme-linked immunosorbent assay (QUANTA Lite ® PR3 and QUANTA Lite ® MPO, Inova Diagnostics ® , San Diego). C3 was low (0.66 g/l [N:0.90-1.80]) and C4 was normal, but these results were available only 8 days after admission. Table 1 presents the initial laboratory data.
Haemodialysis was required on the second day of admission. Transthoracic echocardiography showed severe mitral regurgitation with a 9 × 27 mm pannus and a 4-mm vegetation attached to the anterior mitral leaflet, with multiple microperforations. The transoesophageal echocardiography confirmed severe mitral regurgitation with an 11 × 13 mm vegetation on the anterior leaflet, and moderate aortic and tricuspid regurgitation. A kidney biopsy revealed focal necrotizing glomerulonephritis without significant endocapillary or mesangial proliferation ( Figure 1 ). The glomeruli showed cellular crescents (4/21) and/or fibrinoid necrosis (3/21) with mildly increased mesangial matrix. The tubulointerstitial compartment revealed mild tubular atrophy and moderate-tosevere interstitial oedema. Severe acute tubular injury was also present. Vessels showed nothing but focally severe arteriosclerosis. Immunofluorescence microscopy revealed primarily mesangial immune complex deposits with focal capillary loop involvement in a full-house pattern with strongly positive C3, IgM and C1q, moderately positive IgG and mildly positive IgA ( Figure 2 ). Electron microscopy showed subendothelial ( Figure 3 ) and mesangial electron dense deposits with focal mesangial interposition. No tubuloreticular inclusions were found. In the context of a probable endocarditis, ceftriaxone and gentamicin were started, and methylprednisolone 500 mg IV ID was given for 3 days followed by daily prednisone (50 mg) for 2 weeks in an attempt to treat the necrotizing glomerulonephritis.
On Day 3, several blood cultures grew slow-growing streptococcus-like gram-positive bacteria that yielded Gemella haemolysans by conventional biochemical identification methods. The bacterial strain was sent to the reference laboratory for identification by sequencing of the 16S ribosomal RNA gene using a previously described method [11] and was identified as G. sanguinis. A positron emission tomography-computed tomography (CT) scan revealed signs of spondylodisciitis at C6-7 and L3-4 levels. A CT-scan showed splenomegaly (14.8 cm cephalocaudal length) with an infarct of 4.2 × 2.4 cm. No pulmonary abnormalities were noted on the CT-scan. Vancomycin and gentamicin were given from Days 4-6, and subsequently vancomycin was replaced by penicillin G upon receipt of in vitro susceptibility analysis. The patient underwent mitral and aortic valve replacement on Day 17. Valve cultures were negative, but histological examination showed devitalized gram-positive cocci. The patient received penicillin and gentamicin until Day 69.
One month after admission, dialysis was stopped, and by the third month, the creatinine level decreased to 62 µmol/L (0.7 mg/dL), c-ANCA level decreased to 1/40, anti-PR3 and blood cultures were negative. Figure 4 presents the case history.
Discussion
Bacterial endocarditis is associated with several types of kidney injuries, the commonest being septic emboli and glomerulonephritis [1, 12] . Glomerulonephritis was found in 26% of specimens in a study combining biopsy and necropsy cases [1] .
False-positive results for c-ANCA/anti-PR3 are rare (98% specificity) [3] . However, in the context of bacterial endocarditis, 22 cases of positive c-ANCA/anti-PR3 and 1 case of P-ANCA/anti-PR3 have been reported [4] [5] [6] [13] [14] [15] [16] . Causal bacteria include Staphylococcus aureus, Enterococcus spp., Streptococcus spp., Bartonella spp., Propionibacterium acnes and Gemella morbillorum. Bacterial endocarditis-related ANCA associated with glomerulonephritis have been described in 12 cases [4] [5] [6] [14] [15] [16] . The previously reported immunofluorescence studies (n = 6) are variable ranging from pauci-immune (n = 2) [5, 16] , to positivity for at least a complement fraction and an immunoglobulin subtype (n = 4) [4, 6, 14, 16] . Table 2 lists the known causes of false-positive c-ANCA, which should Gemella sanguinis is a gram-positive, catalase-negative, streptococcus-like bacterium first described in 1998 [10] , which is part of the normal human oropharynx, urogenital and gastrointestinal flora [18] . To date, three cases of G. sanguinis endocarditis have been described and all were associated with poor oral hygiene [8, 9] . However, G. sanguinis has never been reported as a cause of positive c-ANCA/anti-PR-3. The species is difficult to identify with conventional microbiological diagnostic methods, and 16S rRNA gene sequencing is often necessary [10] .
The diagnosis of bacterial endocarditis can easily be overlooked when glomerulonephritis is associated with c-ANCA/anti-PR3 or when a kidney biopsy reveals immune complex glomerulonephritis with a full-house immunofluorescence pattern. Indeed, marantic endocarditis associated with ANCA vasculitis can mimick subacute bacterial endocarditis [19] and the full-house immunofluorescence pattern raises a high degree of suspicion for lupus nephritis [20] [21] [22] and Libman-Sacks endocarditis. To our knowledge, only one case of proliferative glomerulonephritis with a full-house immunofluorescence pattern has previously been described in a patient with Streptococcus viridans endocarditis [23] . In the context of ANCA positivity, the presence of splenomegaly, hypocomplementemia, immune complex deposits on kidney biopsy and the absence of other autoantibodies are highly in favour of a bacterial endocarditis associated c-ANCA/anti-PR3 rather than idiopathic ANCA-associated vasculitis [6, 16, 24] . Endocarditis, as a manifestation of idiopathic ANCA-associated vasculitis, is quite unusual [19] . However, infective endocarditis should be ruled out before attributing it to an underlying vasculitis or lupus. Therefore, repeated search for a bacterial pathogen in blood cultures is the cornerstone of the appropriate diagnosis.
Treatment of glomerulonephritis associated with endocarditis and c-ANCA/anti-PR3 is controversial as some authors advise the use of immunosuppressive therapy combined with antibiotics [25] , while others suggest the use of antibiotics alone as the treatment of choice [6] . Due to the severity of the immune reaction on kidney biopsy, our patient was treated simultaneously with antibiotics and corticosteroids. The outcome was favourable as he recovered normal renal function. In the literature, a few cases of glomerulonephritis associated with bacterial endocarditis and c-ANCA/anti-PR3 have shown a dramatic improvement in renal function following treatment [7, 15] . One patient required dialysis and recovered adequate renal function following antibiotic treatment alone [7] . In our case, we used both antibiotics and corticosteroids while waiting for definitive results, as leaving the patient without treatment for an infectious endocarditis or auto-immune disease could have been devastating. However, due to the paucity of reports, addition of corticosteroids to IV antibiotics should be individualized in the presence of suspected bacterial endocarditis.
In conclusion, this first case of G. sanguinis endocarditis with anti-PR3/c-ANCA-associated immune complex necrotizing glomerulonephritis with a full-house pattern on immunofluorescence studies underlines the importance of considering subacute bacterial endocarditis in the differential diagnosis of ANCA vasculitis or lupus nephritis.
